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METHOD AND SYSTEM FOR VALIDATING
DATA

This application 1s a continuation application claiming
priority to Ser. No. 13/032,681, filed Feb. 23, 2011, now
U.S. Pat. No. 8,219,520, 1ssued Jul. 10, 2012.

FIELD OF THE INVENTION

The present invention relates to data processing technol-
ogy, and 1n particular, to a method and a system for vali-
dating data.

BACKGROUND OF THE INVENTION

With the development of information technology, more
and more people begin to use relevant technology on busi-
ness intelligence to analyze and process business data to
provide powertul support for decision-makers. Also, with
the development and application of database technology, the
data amount stored 1n a database rocketed high from mega
(M) bytes and gigabytes (G) in the 1980s to current trillion
(1) bytes and peta (P) bytes. Meanwhile, query requirements
from users also become increasingly complex, which
involves not only querying or manipulating one or more
pieces of records 1n a relational table but also performing
data analysis and information syntheses on tens of millions
of pieces of recorded data 1n a plurality of tables. However,
a transaction processing type relational database system
cannot meet all such requirements. For operation and ana-
lytical type applications, they cannot meet performance
requirements; thus, people always release the restriction on
redundancy 1n a relational database and introduces statistical
and integrated data. However, the application logics of such
statistical and integrated data are dispersed, random, and
unsystematic; thus, the analytical function 1s limited, inflex-
ible, and difficult to maintain. Many software manufacturers
compensate msuilicient support from the relational database
management system by developing its front end products,
attempting to unify dispersed public application logics
through a dedicated data integration engine, aided by a more
intuitive data access intertace, so as to respond to a complex
query requirement from a non-professional data processing
person 1n short time.

Business Intelligence (BI) technology processes a great
amount of data and reflects information and knowledge 1n
data. Business Intelligence refers to relevant technology,
application, etc., which extracts valuable data from existing
data of an enterprise so as to help the enterprise to make
sensible business operation decisions. The data comprises
vartous kinds of data from the business system of the
enterprise itsell and other external environments where the
enterprise 1s located. In order to transform data into knowl-
edge, data 1n a data source 1s usually populated into a data
warechouse through an ETL (Extract-Transform-Load, 1.e., a
process ol data extraction, transformation and loading)
model. Then, a data cube 1s created based on the data in a
data warechouse through an OLAP (On-Line Analysis Pro-
cessing) model, for utilizing data mining to form a statement
report and data analysis report.

However, since there are varieties of data sources and
processing of ETL model and OLAP model involves a great
mount of data, error likely occurs during the BI data
processing process. The prior art determines data accuracy
by checking the data in the generated report and directly
comparing 1t with the original data in the application system.
However, since the data amount 1n the report 1s too high, a
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comprehensible comparison 1s usually impossible. Besides,
even 1f 1t 1s found that the data in the report 1s inconsistent
with the original data in the application system, it 15 1mpos-
sible to determine the cause of the problem. The workload
for comprehensively checking data 1in the models and data

warchouse 1s overwhelmingly large, which always needs
considerable time to determine the cause of the problem.

SUMMARY OF THE INVENTION

The present invention provides a method (and associated
system and computer program product) for validating data,
said method comprising;:

a processor ol a data processing system generating ware-
house data 1n a data warehouse by transforming source data
in a data source into the warehouse data via an Extract-
Transtorm-Load (ETL) transformation model;

said processor generating a data cube by transforming the
warechouse data in the data warehouse into the data cube via
an On-Line Analysis Processing (OLAP) transformation
model;

said processor generating a report multi-dimensional data
set (MDS1) from the data cube via a data cube query of the
data cube:

said processor generating a reference multi-dimensional
data set (S) from the source data via a source data query of
the source data, said source data query corresponding to the
data cube query; and

said processor determining whether MDS1 matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S, then
the method further comprises said processor performing an
OLAP iverse transformation on MDS1 to generate an
OLAP multi-dimensional data set (MDS2) and said proces-
sor determining whether MIDS2 matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S and
said determining whether MDS2 matches S comprises deter-
mining that MDS2 does not match S, then said processor
performing an ETF inverse transformation on MDS2 to
generate an ETL multi-dimensional data set (MDS3) and
said processor determining whether MDS2 matches MDS1
and said processor determining whether MDS3 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S and
said determining whether MDS2 matches S comprises deter-
mining that MDS2 does not match S and said determiming
whether MDS3 matches S comprises determining that
MDS3 does not match S, then said processor determining
whether MDS3 matches MDS2.

The present invention provide a method (and associated
system and computer program product) for validating data,
said method comprising:

a processor ol a data processing system generating ware-
house data 1n a data warehouse by transforming source data
in a data source into the warehouse data via an Extract-
Transform-Load (ETL) transformation model;

said processor generating a report multi-dimensional data
set (MDS1) from the data warehouse via a data warehouse
query of the data warechouse;

said processor generating a reference multi-dimensional
data set (S) from the source data via a source data query of
the source data, said source data query corresponding to the
data cube query; and

said processor determining whether MDS1 matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S, then
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the method further comprises said processor performing an
ETF 1nverse transformation on MDS1 to generate an E'TL
multi-dimensional data set (MDS3) and said processor
determining whether MDS3 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S and
said determining whether MDS3 matches S comprises deter-
mimng that MDS3 does not match S, then said processor
determining whether MDS3 matches MDS1.

By using the method and system according to the embodi-
ments of the present invention, it 1s possible to validate
casily whether data presented to users 1s problematic, and
turther determine, if a problem exists in the data, where the
problem exists 1 a Business Intelligence (BI) solution.
Therefore, data accuracy 1s ensured on the one hand, but on
the other hand the workload for checking data problems 1s
greatly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features and advantages
ol the present invention will become more apparent through
more detailed description of embodiments of the present
invention as illustrated 1n the drawings.

FIG. 1 illustrates a diagram of a typical Business Intelli-
gence (BI) solution architecture;

FI1G. 2 1llustrates a flow chart of a data validation method
200 according to an embodiment of the present invention.

FI1G. 3 1llustrates a flow chart of a data validation method
300 according to an embodiment of the present invention.

FI1G. 4 illustrates a diagram of a data validation method
according to an embodiment of the present invention.

FIG. 5 illustrates a flow chart of pertaining to the data
validation method of FIG. 3, according to an embodiment of
the present invention.

FIG. 6A illustrates a flow chart of a data validation
method according to an embodiment of the present inven-
tion.

FIG. 6B 1illustrates a flow chart pertaining to the data
validation method of FIG. 6A according to an embodiment
of the present invention.

FIG. 7 illustrates a systematic block diagram of a data
validation system according to an embodiment of the present
invention.

FIG. 8 illustrates a data processing system used for
validating data, in accordance with embodiments of the
present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Hereinafter, the present invention will be described with
reference to the methods and system according to the
embodiments of the present invention, wherein each block
in the tlow charts and/or block diagrams and combination of
cach block in the flow charts and/or block diagrams of the
present invention may be implemented with computer pro-
gram 1nstructions. These computer program instructions
may be provided to a processor of a computer or other
programmable data processing apparatus such that these
instructions executed through the computer or other pro-
grammable data processing apparatus implement functions/
operations specified in the blocks of the flow charts and/or
block diagrams presented herein.

These computer program instructions may also be stored
in a computer-readable hardware storage medium capable of
instructing the computer or other programmable data pro-
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4

cessing apparatus to work 1n a particular manner, such that
the 1nstructions stored in the computer-readable hardware
storage medium generate a product including instructions
configured to be executed by a computer (via a processor of
the computer) to implement the functions/operations speci-
fied 1n the flow charts and/or block diagrams.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus, such that a series of operation steps i1s 1mple-
mented on the computer or other programmable data pro-
cessing apparatus, to generate a computer-implemented pro-
cess, such that execution of the instructions on the computer
or other programmable apparatus provides a process of
implementing the functions/operations specified in the
blocks of the flow charts and/or block diagrams presented
herein.

The present mvention provides a method and system for
validating data. The method and system generate a report
multi-dimensional data set from a data cube based on a data
cube query condition. A reference multi-dimensional data
set 1s generated from the source data based on a source data
query condition corresponding to the data cube query con-
dition; meanwhile, an OLAP inverse transformation may be
turther performed on the report multi-dimensional data set to
generate an OLAP multi-dimensional data set, and an ETL
inverse transformation 1s performed on the OLAP multi-
dimensional data set to generate an ETL multi-dimensional
data set. Data validation 1s performed based on the matching
relationship between the generated multi-dimensional data
sets, so as to determine whether data inconsistency exists.
By using the method and system, 1t 1s possible to easily
validate the existence of a problem in data presented to
users, and 1n case of a data problem, to determine where the
problem exists 1n a Business Intelligence (BI) solution.

FIG. 1 illustrates a diagram of a typical Bl solution
architecture, wherein data in data source A, data source B,
and data source C are loaded into a data warehouse 120
through a process of data extraction, transformation and
loading based on a predetermined ETL (Extract-Transform-
Load) model, and then, a data cube 1s created based on the
data in the data warehouse through an OLAP (On-Line
Analysis Processing) model, for utilizing data mining to
form a data presentation 140 (statement report and data
analysis report, etc).

A data source provides original data or original materials
internal or external to a company, and these materials will
become a basis for analyzing and extracting knowledge.
Data 1mn a data source 1s generally utilized in an on-line
transaction processing (OLTP) system, whose data organi-
zation form 1s generally a transaction-orientated type. That
1s, data generated for completing a transaction are stored 1n
a centralized manner, and stored in the same table or stored
in several closely related tables through a primary-foreign
key correlation.

For example, Enterprise Resource Planning (ERP) soft-
ware 1s a typical on-line transaction processing system, and
the data generated thereby may be used as a data source by
a BI solution. Basic information filled by an employee upon
enrollment 1s an independent transaction, and the basic
information may be stored 1n the same table of the data
source. The company paying the remuneration to the
employee 1s a transaction, and the remuneration payment
condition for each employee may be stored 1n the same table
of the data source. Such a data organization form 1s called a
transaction-oriented type data organization.

A main function of the data warechouse 120 1s to organize
a large amount of data. By virtue of a data storage archi-
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tecture of a data warchouse, various kinds of analytical
methods such as On-Line Analysis Processing (OLAP) and
data mining may be conveniently performed to help a
decision maker to figure out valuable information from a
considerable amount of data quickly and efliciently. There-
fore, 1t facilitates quick drafting of a decision and quick

response to change of an external environment, so as to help
construct a BI solution.

Generally, a data warehouse may be established from a
relational database, wherein the data warehouse may com-
prise a plurality of star-shaped structure data organizations
cach comprising a plurality of dimensional data tables and a
fact data table.

A giant enterprise usually has many on-line transaction
processing systems (OLTP), 1.e., many data resources, and a
data warehouse integrates the data from respective OLTP
systems of the enterprise and performs consistency process-
ing. A consistency processing process may be included 1n a

data Extract-Transform-Load (ETL) process.

The E'TL model 1s a transformation model for transform-
ing data 1n a source database into a data warehouse, which
defines sources (e.g., locations) of the source data 1n the data
source (for example, a transaction processing-oriented data-
base), a target data location 1n a target warchouse, and a
mapping relationship between the source data and target
data. The data Extract-Transform-Load (ETL) process
extracts data from the data source with the ETL model,
transforms the extracted data into target data, and stores the
target data at a target data location in the data warchouse
(theme-oriented database).

The ETL model may be described with the following
metadata. The data describing and defining the service data
per se and 1ts running environment 1s called metadata. The
service data 1s mainly for supporting data on a service
system application, and metadata 1s data for describing the
service data. A typical embodiment of metadata 1s descrip-
tion of an object, 1.e., description of database, table, column,
column attributes (type, format, restriction, etc.), primary
key/foreign key correlation, efc.

For the E'TL processing, the metadata may be used for
defining the location and attributes of a data source, the
location and attributes of target data; and determining a
correspondence rule from the source data to the target data,
and other necessary preparatory work before actual loading
of the data, etc. It 1s typically through the whole data
warchouse project, and all procedures of ETL processing
must refer to the metadata to the utmost, so as to quickly
implement the ETL processing.

In the BI solution architecture of FIG. 1, a data cube 130
1s further created based on the data in the data warehouse
120 through the On-Line Analysis Processing (OLAP)
model.

The data cube 1s a basis for the On-Line Analysis Pro-
cessing system in the BI solution, which i1s generated by
transforming the data in the data warehouse through an
OLAP model. The data cube may be described through the
following definitions:

Dimensions: 1.e., an attribute set forms each dimension
(c.g., a time attribute set forms a time dimension and a
geographic attribute set forms a geographical dimension).

Level of dimension: 1.e., a description of the level or umt
in which the attribute associated with the dimension 1is
expressed (e.g., levels of the time attribute of a time dimen-
sion may be expressed as a date, month, quarter, or year).

Dimension member: 1.e., a value of the dimension, which
1s a description of a location of a data item within a certain
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dimension. For example, a value of “vear, month, day” 1s a
description of a location of a data item within a time
dimension.

Measure: 1.e., a value at a cell or element of a multi-
dimensional data set. For example, the sales volume of
laptops 1n Betjing in March 2008 1s 10 sets. Here, “10” sets
1s the measure or value at the cell or element of the
multi-dimensional data set at which March 2008, Beijing,
and laptops are dimension members corresponding to the
dimensions of time, geographical location, and computer
type, respectively.

The OLAP model defines sources (for example, locations)
and attributes of source data 1n the data warehouse, locations
of target data in the target data cube, and a mapping
relationship between the source data and the target data.
With the OLAP model, an OLAP transformation may be
performed to the data 1n the data warehouse to form a data
cube comprising a plurality of dimensions and correspond-
ing measures. Accordingly, an OLAP inverse transformation
model defines locations and attributes of source data 1n a
data cube, locations of target data 1n the data warehouse, and
a mapping relationship between the source data and the
target data.

The OLAP model may be described with metadata to
define a location of the data warehouse and attributes of data
in the data warehouse, to determine a correspondence rule
for storing data from the data warehouse to the data cube and
other necessary preparatory work betfore actual loading of
the data, etc.

For example, the metadata of the OLAP model may
comprise: from which column in which fact table 1n the data
warechouse the measure data in the data cube comes or from
which operation this column of data comes. In the OLAP
inverse transiformation model, it may correspondingly com-
prise which column in which fact table in the data warehouse
described with metadata coming from which measure data 1n
the data cube, or through 1nverse operation of which kind of
operation this column data being obtained.

Since the data has been integrated (E'TL transformation)
before the OLAP transformation, information loss will not
occur; thus, the OLAP mode usually does not comprise any
irreversible transformation.

In the BI solution architecture as 1llustrated 1n FIG. 1, with
the data 1n the data cube 130, data may be presented well to
the user through data presentation 140, for example, a
statement. The data 1n the cube may be presented to the user
through a diagram, for example, a graph such as a histogram,
a line graph, or a pie chart, etc, or a column, or an
intersection diagram.

The data presented by each statement 1s only a subset of
a data histogram, which 1s called a target data cube. Partial
data 1n the data cube are extracted based on specific service
demands. It 1s possible to determine from which dimension
in the data cube the dimension information of different levels
in the statement comes and from which dimension member
value of the corresponding dimension in the data cube the
dimension member data of different level 1n the statement
come.

Based on a specific service demand and a data organiza-
tion form of a data cube, a query on the data cube may be
generated, which specifically comprises the following items:
1) the data cube from which the data comes, which 1is
dependent on 1n which data cube the target data to be looked
up 1s stored; 2) the member values for each dimension of the
data cube, and the value which should be taken by a
respective dimension member in the data cube 1s determined
based on the classification criteria of the data, the filter type




Us 9,710,536 B2

7

of the data, and the definition of the data cube; 3) an
operation used to generate the measure presented to the user
(1.e., whether 1t 1s necessary to define a target data in the
business logic by performing a certain operation to the
measure of the cube 1n the business logic, for example,
multiplied by a coeflicient or a transformation of a unit, etc).
A statement generation tool may query data from the data
cube through these queries and present 1t to the user 1n a
form of statement.

In the construction process of such a typical Bl solution,
frequently occurring problems have the following types:
ETL model error, OLAP model error, and dirty data error.

1) ETL Model Error:

The ETL model error mainly refers to logic error occur-
ring in a mapping relationship from a source data to a data
warchouse, which causes error occurring to data in the data
warchouse and 1s embodied on the data cube and final
statement presentation data. It 1s necessary to modily the

ETL model to correct the error.
2) OLAP Model Error:

The OLAP model error mainly refers to logic error 1n the
mapping relationship from the data warehouse to the data
cube, which causes error occurring to data presented 1n the
statement. It 1s necessary to modily the OLAP model to
correct the error.

3) Dirty Data Error:

Dirty data error may be embodied on some illogic data
existing in the source data or data warechouse. In a normal
environment, these data should not exist. For example, some
erroneous or repetitive data are generated in the source data,
or some useless data loaded previously are present 1n the
data warchouse, and all of these data may be regarded as
dirty data. The validation error caused by dirty data need not
be corrected by moditying the solution, which is usually
restored by removing the data.

Thus, for a constructed BI solution, on one hand, 1t 1s
necessary to validate whether the data finally presented to
the user 1s consistent with the original data of the applica-
tion, and on the other hand, in the case of data inconsistency,
it 1s necessary to figure out the cause of the data consistency.
Hereinatter, a data validation method and system according
to the embodiment of the present invention will be described
in detail.

FI1G. 2 1llustrates a flow chart of a data validation method
200 according to an embodiment of the present invention.

At step S210, a Report Multi-Dimensional Data Set
MDS1 1s generated from the data cube, wherein the report
multi-dimensional data set comprises a measure correspond-
ing to a combination of members of a particular dimension
of the data cube. The structure of the multi-dimensional data
set may be described as: a dimension comprising the multi-
dimensional data set, a type of measure, and a condition to
satisty for data in the data set.

According to an embodiment of the present invention, a
report multi-dimensional data set MDS1 1s generated from
the data cube based on a query of the data cube. Components
of the report multi-dimensional data set MDS1 may include:
a plurality of dimensions (a dimension of a multi-dimen-
sional data set 1s determined based on a dimensional defi-
nition of a target data cube 1n the query); each dimension
comprises a corresponding member set (the member set of
cach dimension 1s determined based on “the member value
of a member of each dimension of the data cube” in the
query); the measure value corresponding to the member
combination of each dimension (based on the set of dimen-
sion values, the data i1s extracted from the data cube for
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8

generating a measure value corresponding to the member
combination of each dimension).

It should be noted here that for the sake of depiction, the
structure of the multi-dimensional data set and the compo-
nents of the report multi-dimensional data set are described
in detaill in the embodiments of the present invention.
However, the skilled in the art should understand that the
structure of the multi-dimensional data set 1s not limited to
the dimension of the multi-dimensional data set, the type of
the measure, the condition to satisty for the data in the data
set, etc., and the components of the report multi-dimensional
data set 1s not limited to the above depicted conditions.

At step S220, a reference multi-dimensional data set S 1s
generated from the source data, wherein a source data query
corresponding to the data cube query may be generated may
be generated based on the specific service requirements and
data organization forms of source data; and the reference
multi-dimensional data set S 1s generated from the source
data based on the query of the source data.

Generation of the reference multi-dimensional data set S
and the report multi-dimensional data set MDS1 comprises
extracting data from different data sources based on same
specific service demands (for example, what data to look up
(e.g., the type of measure), the classification criteria (e.g.,
dimension), and type of data filter condition satisfied for the
data) according to the same specific service requirements;
thus, the structures of the reference multi-dimensional data
set S and the report multi-dimensional data set MDS1 are
identical.

At step S230, data validation 1s performed based on the
matching relationship between the generated multi-dimen-
sional data set and the report multi-dimensional data set.
Here, data consistency 1s determined through matching the
generated report multi-dimensional data set MDS1 and
reference multi-dimensional data set S.

As previously mentioned, the report multi-dimensional
data set and reference multi-dimensional data set may com-
prise a plurality of dimensions, a dimension member of each
dimension, and measure value at the cell or element of the
multi-dimensional data set corresponding to a dimension
member of each dimension. In this case, the matching
relationship between the reference multi-dimensional data
set and the report multi-dimensional data set 1s determined
by comparing: a plurality of dimensions in the report multi-
dimensional data set and the reference multi-dimensional
data set, a dimension member of each dimension in the
report multi-dimensional data set and the reference multi-
dimensional data set, and the measure value corresponding
to the dimension member of each dimension; and then data
validation 1s performed based on the preceding determined
matching relationships.

When determining the matching relationship between
different multi-dimensional data sets, firstly, the numbers of
their dimensions are compared for equality; if they are equal,
then the types of their dimension members are further
compared for equality; and if they are equal, then the types
of the measure values are compared for equality; and if they
are equal, then the structures of the multi-dimensional data
sets are 1dentical. Otherwise, the structures of the multi-
dimensional data sets are different, and 1t may be necessary
to check whether generation of the multi-dimensional data
sets 1s based on the same service requirements.

The reference multi-dimensional data set S 1s constructed
by extracting data from source data based on a query
generated based on specific service requirements, and the
report multi-dimensional data set MDS1 1s also constructed
by generating a query into the data cube based on the




Us 9,710,536 B2

9

specific service requirements to thereby extract data. Thus,
the reference multi-dimensional data set S and the report
multi-dimensional data set MDS1 have same dimensions
and measure types, 1.e., having a same structure. However,
specific dimension member value and measure value come
from a data source and a data cube, respectively.

If the reference multi-dimensional data set S matches the
report multi-dimension data set MDSI1, then it indicates that
the data after data processing and the source data are
consistent; therefore, there 1s no data processing problem;
otherwise, data processing problem exists.

FI1G. 3 1llustrates a tlow chart of a data validation method
300 according to another embodiment of the present inven-
tion. The data validation method 300 in the embodiment as
illustrated 1n FIG. 3 has steps S310-330 1dentical to steps
5210-330 1n the data validation method 200 1n the embodi-
ments as illustrated 1n FIG. 2. For the sake of simplicity,
description will not be repeated.

At step S340, based on the mverse transformation model
of the On-Line Analysis Processing OLAP, an OLAP inverse

transformation 1s performed to the report multi-dimensional
data set MDSI1, so as to generate an OLAP multi-dimen-
sional data set MDS2, wherein an OLAP multi-dimensional
data set MDS2 employs a same structure as a report multi-
dimensional data set MDS1.

The mverse operation of the model refers to an 1nverse
operation on logic relationship, for example, 1f a positive-
going logic relationship 1s that the values in column a 1n
Table A of the source data are populated into the column ¢
in the target data table B, then the mnverse operation of the
logic relationship 1s that the column ¢ 1n data Table B 1s
populated mto column a in Table A. Since the target data
cannot create data itsell, there must be a fact in the source
data corresponding thereto; thus, there must exist a subset of
the source data which has one-to-one mapping relationship
with the target data. Thus based on the definition on the
OLAP model and the positive-going logic relationship
therein, an inverse transformation model of the OL AP model
may be obtained, and the inverse transformation model
comprises inverse operation of the corresponding positive-
going logic relationship.

The OLAP inverse transformation model defines loca-
tions and attributes of source data 1n a data cube, locations
of target data 1n the data warchouse, and a mapping rela-
tionship between the source data and the target data. In the
OLAP inverse transformation model, 1t may comprise which
column 1n which fact table 1n the data warehouse described
with metadata coming from which measure data in the data
cube, or through the inverse operation of which kind of
operation this column data being obtained.

The report multi-dimensional data set MDS1 comprises
data from the data cube, including a member set of dimen-
sions and measure values corresponding to member sets of
different dimensions. Meanwhile, the process of construct-
ing a report multi-dimensional data set MDS1 may further
record the dimensions and measures of the data cube from
which the respective data in the report multi-dimensional
data set MDS1 come from.

The transformation defined by the OLAP model com-
prises transformation between dimensions and transforma-
tion between corresponding measures, namely, from which
column in which fact table 1n the data warechouse the
measure data in the OLAP system come, or from which
operation this column of data i1s obtained, from which
dimension tables in the data warehouse the dimensions of
different levels 1n the statement come, and from which
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columns in which dimension tables 1n the data warehouse
the dimension member data of different levels 1n the state-
ment come.

The transformations comprised in the above defined
OLAP model may be all reversible. Since the data in the
target data cube, regardless of dimension data or measure
data, come from the fact table or dimension table 1n the data
warehouse, such transformations are reversible. In other
words, after obtaining the OLAP model and the structure and
data of the data cube, any data in the data cube may be
mapped back into the data warehouse. This process 1s called
the 1verse transformation process of the OLAP model.

For example, the OLAP inverse transformation model
comprises the mapping relationship between the dimensions
in the data cube and the dimensional table fields of the data
warchouse, the mapping relationship between the measures
in the data cube and the fact table fields 1n the data
warchouse, and the mapping relationship of the relationship
between the dimensions and measures 1n the data cube with
the relationship between the fact table and the dimension
table 1n the data warehouse.

Based on the dimension member value 1n the report
multi-dimensional data set MDS1 and the mapping relation-
ship between the dimensions of the data cube and the
dimension table fields of the data warehouse 1n the mverse
transformation rule of the OLAP model, a set of values of
corresponding columns in the dimension table 1n the data
warehouse 1s obtained, and the set with the values of this
column extracted constitutes the member set of the corre-
sponding dimension of the OLAP multi-dimensional data set
MDS2.

Next, based on the measure data in the report multi-
dimensional data set MDS1 and the mapping relationship
between the measures 1n the data cube and the fact table
fields in the data warehouse 1n the inverse transformation
rule of the OLAP model, a set of values of corresponding
columns 1n the fact table of the data warehouse 1s obtained,
and the set with the values of this column extracted consti-
tutes measures ol the OLAP multi-dimensional data set
MDS2.

After constructing all dimension members and measures
of the OLAP multi-dimensional data set MDS2, a mapping
relationship between the dimension table of the data ware-
house and fact table 1s obtained, namely the correspondence
relationship between the dimension and the measure 1n the
OLAP multi-dimensional data set MDS2, based on the
dimensional members and measures 1n combination with the
inversed transformation rule of the OLAP model,

In combination with the dimension information, measure
information, and the correspondence relationship between
the dimension and the measure, the OL AP multi-dimen-
sional data set MDS2 i1s thereby obtained.

The skilled in the art may understand that what 1s
described above 1s only an exemplary embodiment of gen-
crating the OLAP multi-dimensional data set MDS2, and
that other manners may be used to generate an OLAP
multi-dimensional data set MDS2 based on the report multi-
dimensional data set MDS1 and the inverse transformation
model of the On-Line Analysis Processing OLAP.

At step S350, data validation 1s performed based on the
matching relationship between the generated multi-dimen-
sional data sets. Specifically, data validation 1s performed
based on the matching relationship among the reference
multi-dimensional data set, the report multi-dimensional
data set, and the OLAP multi-dimensional data set, wherein
a matching relationship between the reference multi-dimen-
sional data set and the OLAP multi-dimensional data set 1s




Us 9,710,536 B2

11

determined, and further whether a data processing problem
exists 1s determined based on the matching relationship
between the reference multi-dimensional data set and the
report multi-dimensional data set, and a matching relation-
ship between the reference multi-dimensional data set and
the OLAP multi-dimensional data set. I the reference multi-
dimensional data set does not match the report multi-
dimensional data set and the reference multi-dimensional
data set matches the OLAP multi-dimensional data set, then
it 1s determined that the On-Line Analysis Processing
(OLAP) model 1s problematic. If the reference multi-dimen-
sional data set does not match the report multi-dimensional
data set and the reference multi-dimensional data set does
not match the OLAP multi-dimensional data set either, then
it 1s necessary to continuously perform the following steps.

At step 360, based on the inverse transformation model of
the Extract-Transform-lL.oad ETL, the ETL inverse transfor-
mation 1s performed on the OLAP multi-dimensional data
set MDS2, so as to generate an ETL multi-dimensional data
set MDS3.

The ETL model may comprise a format adjustment from
the source table (in the data source) to the target table (in the
data warechouse), for example, integrating a plurality of
source database tables into a fact table of the data ware-
house, or separating a table of source database table 1nto a
plurality of tables 1n the data warehouse. It 1s the foremost
portion of the ETL model, and the transformation in most
ETL models 1s this kind of transformation. The ETL 1inverse
transformation model may correspondingly comprise a for-
mat adjustment described with metadata from the target
table (in the data warehouse) to the source table (1n the data
source).

The E'TL model may comprise a transformation of column
values 1n the table, for example, uniformly transforming
different kinds of currencies in the source table into dollar,
and performing a percentage transformation on the column
values, etc. The ETL inverse transformation model may
correspondingly comprise an mverse transformation in the
column values.

The ETL model may comprise integration of attributes of
the columns 1n the table, for example, combining the values
of column A and the values of column B 1n the source table
into a joint of A and B to be stored mnto column C of the
target table. The ETL inverse transformation model may
correspondingly comprise splits in the column attributes 1n
the table, for example, splitting the values in column C 1n the
target table into corresponding values of column A and
values of column B based on the inverse operation of the
above joint.

Additionally, some ETL models may further comprise a
consistency processing, for example, unitying all decimal
fractions in the data source into 2 digits 1n the data ware-
house. Those exceeding two digits are truncated, and those
below two digits are supplemented with 0. This transforma-
tion may be classified as an irreversible portion in the model,
1.e., a transformation with occurrence of information loss,
for example, truncation of decimal digits and truncation of
character string length, etc. During generating an inverse
transformation in the ETL 1nverse transformation model,
these irreversible transformation operations may be marked.
During comparison of multi-dimensional data sets to be
described hereinatter, the reference multi-dimensional data
set S 1s compared with other multi-dimensional data sets
alter the data therein are subjected to an wrreversible trans-
formation 1n the ETL model.

For example, during the process of comparing whether

two multi-dimensional data sets (A, B) match, 11 the dimen-
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sional members 1n the multi-dimensional data set are equal,
and meanwhile the measure values corresponding to the
dimensional members are also equivalent, then these two
multi-dimensional data sets match. If they are not equal,
then whether there 1s an 1rreversible portion in the reference
model 1s checked. If the multi-dimensional data set B 1s
inversely generated based on the data in the multi-dimen-
sional data set A and the model X, then the corresponding
data 1n A are subjected to the irreversible transformation
operation 1n model X. Afterwards, the processed A 1s com-
pared with B. If the dimensional members 1n the multi-
dimensional data set are equal and meanwhile the measure
values corresponding to the dimension members are also
equal, then the two multi-dimensional data sets match. After
generation of the reference multi-dimensional data set S, the

data therein are firstly subjected to an irreversible transior-
mation 1n the FTL model and/or OL AP model, and then the

reference multi-dimensional data set S 1s compared with
other multi-dimensional data sets. In most cases, the OLAP
model does not include the irreversible portion.

The OLAP multi-dimensional data set MDS2 comprises
data from the data warechouse, comprising the set of the
column values of the fact table and the set of column values
of the corresponding dimension tables presented by the
measure values corresponding to the member set of dimen-
sions and the member set of different dimensions. Mean-
while, during the process of constructing an OLAP multi-
dimensional data set MDS2, it 1s further possible to record
from which column in which fact table and from which
column in which dimension table 1n the data warehouse
various data in the MDS2 come.

The mverse transformation of the ETL model comprises
a mapping relationship between the fact data 1n the fact table
in the data warehouse and some fields in the source table,
and a mapping relationship between the fields 1n the dimen-
sional table and the fields in the source table in the data
warchouse, and the mapping relationship of the correspon-
dence between the fact data and the dimension data of the
fact table 1n the data warehouse with the correspondence
between the fields 1n the source table.

Based on the dimension member value (in fact, the set of
column values of the dimension table) and the inverse
transformation rule of the ETL model in the OLAP multi-
dimensional data set MDS2, processing 1s performed on the
OLAP multi-dimensional data set MDS2 to obtain a set of
values of the corresponding column stored 1n the source data
derived from the OLAP multi-dimensional data set. The set
of values of this column 1s extracted to constitute a member
set of the corresponding dimension of the ETL multi-
dimensional data set MDS3.

After constructing all dimension members of the ETL
multi-dimensional data set MDS3, a set of values of corre-
sponding columns of fact table data stored 1n the source data
derived from the OL AP multi-dimensional data set MDS2 1s
obtained based on the inverse transtformation rule of the ETL
model. Based on each dimension member constructed 1n the
ETL multi-dimensional data set MIDS3, respective dimen-
sion members are given (storing values of corresponding
columns 1n the data source of values of related columns 1n
the dimensional table), and based on the mapping relation-
ship of the correspondence between the dimensional data
and fact data 1n the fact table 1n the data warehouse with the
correspondence between the fields 1n the source table, the
values of the corresponding columns storing fact table data
in the data source are obtained, 1.e., values of the measures
in the ETL multi-dimensional data set MDS3.
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Based on the dimensional member value (in fact, the set
of column values of the corresponding dimension table 1n
the data warchouse) and the mverse transformation rule of
the ETL model in the OLAP multi-dimensional data set
MDS2, a set of values of the corresponding column stored
in the source data corresponding to the corresponding
dimensional member values of the OLAP multi-dimensional
data set MDS2 1s obtained. The set of values of this column
1s extracted to constitute a member set of the corresponding
dimension of the E'TL multi-dimensional data set MDS3.

The measure values in the OLAP multi-dimensional data
set MDS2 are 1n fact generated by the set of column values
or the column value 1n the corresponding fact table 1n the
data warchouse through a predetermined operation. After
constructing a set of all dimension members of the ETL
multi-dimensional data set MDS3, based on the inverse
transformation rule of the ETL model, a set of values of
corresponding columuns of fact table data stored 1n the source
data 1s obtained (measure values 1n the OLAP multi-dimen-
sional data set MDS2 corresponding to the corresponding
column 1n the fact table). Based on each dimension member
constructed in the ETL multi-dimensional data set MDS3,
respective dimension members are given (namely, column
values of the table representing this dimension in the source
data), and based on the mapping relationship of the corre-
spondence between the fact data and dimensional data in the
fact table 1n the data warehouse with the correspondence
between the fields in the source table, the values of the
corresponding columns storing data representing measures
in the data source are obtained, 1.e., values of the measures
in the ETL multi-dimensional data set MDS3.

Those skilled 1n the art may understand, what i1s described
above 1s only an exemplary embodiment of generating an
ETL multi-dimensional data set MDS3, and that other
manners may be used to generate an ETL multi-dimensional
data set MDS3 based on the ETL inverse transformation
model and the OLAP multi-dimensional data set MDS2.

At step S370, data validation 1s performed based on the
matching relationship between the generated multi-dimen-
sional data sets. Specifically, data validation 1s performed
based on the matching relationship among the reference
multi-dimensional data set, the report multi-dimensional
data set, the OLAP multi-dimensional data set, and the FTL
multi-dimensional data set.

For example, the matching relationship between the ref-
erence multi-dimensional data set and the ETL multi-dimen-
sional data set and the matching relationship between the
report multi-dimensional data set and the OLAP multi-
dimensional data set may be determined. Further, where a
data processing problem exists 1s determined based on the
matching relationship between the reference multi-dimen-
sional data set and the report multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the OL AP multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the ETL multi-dimensional data set, and
the matching relationship between the report multi-dimen-
sional data set and the OLAP multi-dimensional data set.

The matching relationship between the OLAP multi-
dimensional data set and the E'TL multi-dimensional data set
may be further determined. In the meanwhile, where a data
processing problem exists 1s determined based on the match-
ing relationship between the reference multi-dimensional
data set and report multi-dimensional data set, the matching
relationship between the reference multi-dimensional data
set and the OLAP multi-dimensional data set, the matching
relationship between the reference multi-dimensional data
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set and the ETL multi-dimensional data set, the matching
relationship between the report multi-dimensional data set
and the OLAP multi-dimensional data set, and the matching
relationship between the OLAP multi-dimensional data set
and the ETL multi-dimensional data set.

Hereimnafter 1n FIG. 5, how to validate data based on the
matching relationship between a plurality of multi-dimen-
sional data set mentioned above will be depicted 1n detail to
determine whether a data processing problem exists and
where 1t exists.

Here, it should be noted that though 1n FIG. 3, step S340
1s depicted after step S330 and step S360 1s depicted after
step S350, the skilled 1n the art may know that 1n fact, steps
S340 and S360 are not necessarily implemented after
completion of steps S330 and S350. In fact, according to
another embodiment of the present invention, after gener-
ating the OLAP multi-dimensional data set and the ETL
multi-dimensional data set, data validation 1s performed
further based on the matching relationship between respec-
tive multi-dimensional data sets. For example, step S340 and
step S360 may be implemented between respective steps as
illustrated 1 FIG. 3, or before respective steps in FIG. §.

FIG. 4 1llustrates a plurality of multi-dimensional data
sets as generated: reference multi-dimensional data set S, the
report multi-dimensional data set MDS1, OLAP multi-di-
mensional data set MDS2, and ETL multi-dimensional data
set MDS3. From FIG. 4, 1t may be seen that by virtue of the
above method, the reference multi-dimensional data set S,
the report multi-dimensional data set MDS1, OLAP multi-
dimensional data set MDS2, and ETL multi-dimensional
data set MDS3 are generated, and through the matching
relationships among these multi-dimensional data sets,
whether the data processing from the data source 410 to the
data warehouse 420 and to the data cube 430 1s problematic
and where the data processing problem exists in the Bl
solution are determined.

Hereinatter, comparison between respective multi-dimen-
sional data sets and tracking and positioning a Bl solution
problem will be depicted 1n detail with reference to FIG. 5.

As previously mentioned, in the construction process of a
BI solution, frequently occurring problems have the follow-
ing types: ETL model error, OLAP model error, and dirty
data error.

Through the comparison results on the report multi-
dimensional data set, OLAP multi-dimensional data set, the
ETL multi-dimensional data set and the reference multi-
dimensional data set, we may determine whether a model
design of a Bl solution 1s problematic and where the problem
1s located.

In FIG. §, S represents the reference multi-dimensional
data set, MDSI1 represents the report multi-dimensional data
set, MDS2 represents the OLAP multi-dimensional data set,
and MDAS3 represents the ETL multi-dimensional data set.

At step S510, comparison 1s performed between the
reference multi-dimensional data set and the report multi-
dimensional data set; 1if they match, it 1s deemed that the
presented data has no problem, and no model error and dirty
data error are found.

If they do not match, 1t means a data processing problem
exists, then the method proceeds to step S520 to compare the
reference multi-dimensional data set and the OLAP multi-
dimensional data set; 11 they match, then it indicates that the
OLAP model 1s problematic.

If they are not equal, then the method proceeds to step
S530 to compare the report multi-dimensional data set and
the OLAP multi-dimensional data set; 1f they do not match,
then the method proceeds to step S540 to compare the
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reference multi-dimensional data set with the ETL multi-
dimensional data set; and if they match, it indicates that the
ETL model i1s problematic.

At step S540, 1t the reference multi-dimensional data set
and the ETL multi-dimensional data set do not match, then
the method proceeds to step S550 to compare the OLAP
multi-dimensional data set with the ETL multi-dimensional
data set; and if they match, 1t indicates a dirty data error.

If the OLAP multi-dimensional data set and the ETL
multi-dimensional data set do not match at step S350, it
indicates that the ETL model 1s problematic, and meanwhile
it 1s also likely that a dirty data problem exists.

IT at step S530, the report multi-dimensional data set and
the OLAP multi-dimensional data set do not match, the
method proceeds to step S560 to compare the ETL multi-
dimensional data set and the reference multi-dimensional
data set. If they match, it indicates that both the OLAP model
and the E'TL model are problematic.

IT at step S560, the reference multi-dimensional data set
and the reference multi-dimensional data set do not match,
then the method proceeds to step S570 to compare the OLAP
multi-dimensional data set with the ETL multi-dimensional
data set; and if they match, 1t indicates that the OLAP model
and the E'TL model are both problematic.

IT at step S570, the OLAP multi-dimensional data set and
the ETL multi-dimensional data set do not match, 1t indicates
that both the OLAP model and the ETL model are prob-
lematic, and meanwhile a dirty data problem likely exists.

Hereinafter, comparison between respective multi-dimen-
sional data sets and tracking and positioning a Bl solution
problem has been depicted 1n detail with reference to FIG.
5. Obviously, respective determining steps have been
depicted in FIG. 5. The skilled 1n the art may know that the
present invention does not necessarily perform determining
according to the tlow as illustrated in FIG. 5; the matching
relationship between respective multi-dimensional data sets
may be determined 1n an order differing ifrom the order as
illustrated 1n the flow chart of FIG. 3, or tracking and
positioning a data processing problem may also be obtained.
Moreover, according to another embodiment, tracking and
positioning on the data processing problem may also be
obtained 1 a lookup table manner. Table 1 infra clearly
introduces solutions to problems confronted 1n models by Bl
solutions obtained based on different comparison results. In
Table 1, “!=" mdicates not equal to.

TABLE 1

Results of comparing multi-

dimensional data sets Inference of relevant problems

S=MDS1

SI=MDS1 §S=MDS§2
SI=MDS1 S1=MDS2 §=
MDS1=MDS§2
SI=MDS1 St=MDS2 S1=MDS3
MDS1=MDS2 MDS2=MDS3
SI=MDS1 St=MDS2 S1=MDS3
MDS1=MDS2 MDS2I=MDS3
SI=MDS1 St=MDS2 §=MDS3
MDS1=MDS?2

SI=MDS1 St=MDS2 $1=MDS3
MDS1!1=MDS2 MDS2=MDS3
SI=MDS1 St=MDS2 §1=MDS3
MDS1!1=MDS2 MDS2I=MDS3

No data problem
OLAP model problem
ETL model problem

)83

Dirty data problem

ETL model problem (likely having

a dirty data problem)
ETL model and OLAP model problem

ETL model and OLAP model problem

ETL model and OLAP model problem
(likely having a dirty data problem)

In previous embodiments, the report multi-dimensional
data set 1s generated from the data cube. FIG. 6A illustrates
a tlow chart of a data processing method according to
another embodiment of the present invention. In the method
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600 as illustrated, the report multi-dimensional data set 1s
directly generated from the data warechouse. In this case,
since the data in the data warchouse are generated from the
ETL transformation model but are not subjected to the
transformation of the OLAP model; thus, during the process
of generating an E'TL multi-dimensional data set, 1t would be

unnecessary to further perform an mverse transformation on
the OLAP model.

At 5610, based on a predetermined data warehouse query,
a report multi-dimensional data set (MDS1) 1s generated
from the data warehouse.

At step S620, a reference multi-dimensional data set (S)
1s generated from the source data based on a source data
query condition corresponding to the data warehouse query
n.

At step S630, data validation 1s performed based on the
matching relationship between the generated multi-dimen-
sional data sets. Specifically, whether the data are consistent
1s determined based on the matching relationship between
the reference multi-dimensional data (S) set and the report
multi-dimensional data set (MDS1), wherein 11 predeter-
mined 1tems between the reference multi-dimensional data
set (S) and the report multi-dimensional data (MDS1) set do
not match, then existence of the data processing problem 1s
determined.

As previously mentioned, the report multi-dimensional
data set and reference multi-dimensional data set may com-
prise a plurality of dimensions, a member set of each
dimension, and measure value corresponding to a member
set of each dimension. In this case, the matching relationship
between the reference multi-dimensional data set (s) and the
report multi-dimensional data set (MDS1) 1s determined by
comparing a plurality of dimensions in the report multi-
dimensional data set (MDS1) and the reference multi-
dimensional data set (S), a member set of each dimension,
and the measure value corresponding to the member set of
cach dimension, and then data validation 1s performed based
on the determined matching relationship, respectively.

Likewise, in order to further determine where a data
processing problem exists, the method as 1llustrated in FIG.
6 A may further comprise step S640 of performing the ETL
inverse transformation on the report multi-dimensional data
set (MDS1) based on the inverse transformation model of
the ETL model so as to generate an ETL multi-dimensional
data set (MDS3).

At step S650, data validation i1s performed based on the
matching relationship between the generated multi-dimen-
sional data sets. Specifically, where a data processing prob-
lem exists 1s determined based on the matching relationship
between the reference multi-dimensional data set (S) and the
report multi-dimensional data set (MDS1) and the matching
relationship between the reference multi-dimensional data
set (S) and the ETL multi-dimensional data set (MDS3). It
the predetermined 1tems between the reference multi-dimen-
sional data set (S) and the report multi-dimensional data set
(MDS1) do not match and the predetermined items between
the reference multi-dimensional data set (S) and the ETL
multi-dimensional data set (MIDS3) match, then 1t 1s deter-
mined that the ETL model 1s problematic.

Further, 1f the predetermined 1tems between the reference
multi-dimensional data set (S) and the report multi-dimen-
sional data (MDS1) set do not match and the predetermined
items between the reference multi-dimensional data set (S)
and the ETL multi-dimensional data set (MDS3) do not
match and the predetermined items between the report
multi-dimensional data set (MDS1) and the ETL multi-
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dimensional data set (MDS3) match, then 1t 1s determined
that the source data 1s problematic.
In addition, 1f the predetermined i1tems between the ref-

erence multi-dimensional data set (S) and the report multi-
dimensional data (MDS1) set do not match and the prede-
termined 1tems between the reference multi-dimensional

data set (S) and the E'TL multi-dimensional data set (MIDS3)
do not match and the predetermined items between the

report multi-dimensional data set (MDS1) and the ETL
multi-dimensional data set (MDS3) do not match, then it 1s
determined that the ETL model 1s problematic and/or the
source data 1s problematic.

Likewise, step S630 here 1s not necessary, which may,
alter generating the report multi-dimensional data set
(MDS1), reference multi-dimensional data set (S), and the
ETL multi-dimensional data set (IMDS3), perform data vali-
dation based on the matching relationship between respec-
tive multi-dimensional data sets to determine whether a data

processing problem exists and where 1t exists.

FIG. 6B 1illustrates a flow chart pertaining to the data
validation method of FIG. 6A, according to an embodiment
of the present invention. In FIG. 6B, S represents the
reference multi-dimensional data set, MDSI1 represents the
report multi-dimensional data set, and MDS3 represents the
ETL multi-dimensional data set.

At step S670, a comparison 1s performed between the
reference multi-dimensional data set (S) and the report
multi-dimensional data set (MDS1). If MDS1 and S match
in step S670, 1t 1s deemed that the presented data has no
problem, and no ETL model error and/or source data error
are found. If MDS1 and S do not match 1n step S670, 1t
means a data processing problem exists, and then the method
proceeds to step S680 to compare the reference multi-

dimensional data set (S) with the ETL multi-dimensional

data set (MDS3).

If MDS3 matches S 1n step S680, 1t indicates that the ETL
model 1s problematic. If MDS3 does not match S 1n step
S680, then the method proceeds to step S690 to compare the
report multi-dimensional data set (MDS1) with the ETL
multi-dimensional data set (MDS3).

If MDS3 matches MDS1 1n step S690, 1t indicates that the
source data 1s problematic. If MDS3 does not match MDS1
in step S690, i1t indicates that the ETL model 1s problematic
and/or the source data 1s problematic.

FIG. 7 illustrates a systematic block diagram of a data
validation system 700 according to an embodiment of the
present invention, wherein the data processing system 700
according to an embodiment of the present invention com-
prises: report multi-dimensional data set generating means
710 for generating a report multi-dimensional data set from
the data cube; reference multi-dimensional data set gener-
ating means 720 for generating a reference multi-dimen-
sional data set from the source data corresponding to the data
cube; and validating means 750 for performing data valida-
tion based on the matching relationship between respective
multi-dimensional data sets as generated. The validating
means 750 may perform data validation based on the match-
ing relationship between the reference multi-dimensional
data set and report multi-dimensional data set, so as to
determine whether the data of the data cube 1s consistent
with the source data.

According to an embodiment of the present invention, the
report multi-dimensional data set means generates the report
multi-dimensional data set from the data cube based on the
data cube query, and the reference multi-dimensional data
set means, based on the source data query corresponding to
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the data cube query generates the reference multi-dimen-
sional data set from the source data.

As previously mentioned, the report multi-dimensional
data set and reference multi-dimensional data set may com-
prise a plurality of dimensions, a member set of each
dimension, and measure value corresponding to a member
set of each dimension. In this case, the validating means may
further comprise a comparing means (not illustrated) for
determining the matching relationship between the reference
multi-dimensional data set and the report multi-dimensional
data set by comparing a plurality of dimensions 1n the report
multi-dimensional data set and the reference multi-dimen-
sional data set, a member set of each dimension, and the
measure value corresponding to the member set of each
dimension, respectively.

According to another embodiment of the present inven-
tion, the reference multi-dimensional data set generating
means may be further for performing a transformation on the
irreversible portion 1 the ETL model to the data in the
reference multi-dimensional data set and taking the trans-
formed reference multi-dimensional data set as the reference
multi-dimensional data set as generated.

According to a still further embodiment of the present
invention, as illustrated in the dash line portion in FIG. 7, the
data processing system 700 may further comprise an OLAP
multi-dimensional data set generating means 730, for per-
forming the OLAP inverse transformation on the report
multi-dimensional data set based on the imnverse transforma-
tion model of the OLAP model, so as to generate an OLAP
multi-dimensional data set, wherein the validating means
performs data validation based on the matching relationship
among the reference multi-dimensional data set, report
multi-dimensional data set, and an OL AP multi-dimensional
data set. For example, the validating means may determine
the matching relationship between the reference multi-di-
mensional data set and the OLAP multi-dimensional data
set, and perform data validation based on the matching
relationship between the reference multi-dimensional data
set and the report multi-dimensional data set and the match-
ing relationship between the reference multi-dimensional
data set and the OLAP multi-dimensional data set. I the
reference multi-dimensional data set does not match the
report multi-dimensional data set and the reference multi-
dimensional data set matches the OLAP multi-dimensional
data set, then the validating means determines that the
OLAP model 1s problematic.

According to a yet further embodiment of the present
invention, as illustrated in the dash line portion in FIG. 7, the
data processing system 700 may further comprise an ETL
multi-dimensional data set generating means 740, for per-
forming the ETL inverse transformation on the OLAP
multi-dimensional data set based on the mverse transforma-
tion model of the E'TL model, so as to generate an ETL
multi-dimensional data set, wherein the validating means
performs data validation based on the matching relationship
among the reference multi-dimensional data set, report
multi-dimensional data set, the OLAP multi-dimensional
data set, and the ETL multi-dimensional data set. For
example, the validating means may determine the matching
relationship between the reference multi-dimensional data
set and the E'TL multi-dimensional data set and the matching
relationship between the report multi-dimensional data set
and the OLAP multi-dimensional data set, and based on the
matching relationship between the reference multi-dimen-
sional data set and the report multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the OL AP multi-dimensional data set, the
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matching relationship between the reference multi-dimen-
sional data set and the ETL multi-dimensional data set, and
the matching relationship between the report multi-dimen-
sional data set and the OL AP multi-dimensional data set, so
as to determine a data processing problem.

According to another embodiment of the present mnven-
tion, the validating means determines the matching relation-
ship between the OLAP multi-dimensional data set and the
ETL multi-dimensional data set and performs data valida-
tion to determine a data processing problem, based on the
matching relationship between the reference multi-dimen-
sional data set and the report multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the OL AP multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the ETL multi-dimensional data set, the
matching relationship between the report multi-dimensional
data set and the OLAP multi-dimensional data set, and the
matching relationship between the OL AP multi-dimensional
data set and the ETL multi-dimensional data set.

According to a yet further embodiment of the present
invention, the report multi-dimensional data set generating
means 710, based on a predetermined data warehouse query,
generates a report multi-dimensional data set from the data
warchouse. In this case, it 1s unnecessary for the data
processing system 700 to include an OLAP multi-dimen-
sional data set generating means 730; the ETL multi-dimen-
sional data set generating means 740, based on the inverse
transformation model of the ETL model, processes the
report multi-dimensional data set so as to generate an ETL
multi-dimensional data set, wherein the validating means
performs data validation based on the matching relationship
among the reference multi-dimensional data set, report
multi-dimensional data set, and an ETL multi-dimensional
data set. For example, the validating means may determine
the matching relationship between the reference multi-di-
mensional data set and the ETL multi-dimensional data set,
and perform data validation based on the matching relation-
ship between the reference multi-dimensional data set and
the report multi-dimensional data set and the matching
relationship between the reference multi-dimensional data
set and the ETL multi-dimensional data set, so as to deter-
mine whether a data processing problem exists.

According to a further embodiment of the resent inven-
tion, the validating means determines the matching relation-
ship between the report multi-dimensional data set and the
ETL multi-dimensional data set and performs data valida-
tion to determine a data processing problem, based on the
matching relationship between the reference multi-dimen-
sional data set and the report multi-dimensional data set, the
matching relationship between the reference multi-dimen-
sional data set and the ETL multi-dimensional data set, and
the matching relationship between the report multi-dimen-
sional data set and the ETL multi-dimensional data set.

The present invention further provides a hardware storage
medium or device (1.e., hardware storage medium or hard-
ware storage device) 1n which mnstructions for executing the
methods according to the present invention are stored.

The flow charts and block diagrams in the drawings
illustrate an architecture, function and operation likely
implemented by the system, methods and a computer pro-
gram product according to the embodiments of the present
invention. In this regard, each block in the flowcharts or
block may represent a module, a program segment, or a part
of code, which contains one or more executable instructions
for performing specified logic functions. It should be noted
that 1n some alternative implementations, functions indi-
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cated 1n blocks may occur 1n an order differing from the
order as illustrated in the figures. For example, two blocks
illustrated consecutively may be performed in parallel sub-

stantially or 1n an inverse order. This depends on relevant
functions. It should also be noted that each block 1n the block
diagrams and/or flowcharts and a combination of blocks 1n
the block diagrams and/or flowcharts may be implemented
by a dedicated hardware-based system for performing speci-
fied functions or operations or by a combination of dedicated
hardware and computer mstructions.

The skilled 1n the art would appreciate that the present
invention may be embodied as an apparatus, a method, or a
computer program product. Thus, the present invention may
be specifically implemented in the following manners,
namely, complete hardware, complete software (including
firmware, resident software, microcode, etc), or a combina-
tion of software part and hardware part as generally called
“circuit,” “module,” or “system” 1n this text. Further, the
present mvention may adopt a form of computer program
product as embodied 1n any tangible hardware medium or
device of expression, the medium or device comprising
computer-available program code.

Any combination of one or more computer-readable hard-
ware media or device(s) may be used. The computer-
readable hardware medium or device may be for example,
but not limited to, electrical, magnetic, optical, electromag-
netic, or semiconductor system, means, or device. More
specific examples (non-exhaustive list) of the computer-
readable hardware medium or device may comprise the
following: an electric connection having one or more leads,
a portable computer magnetic disk, hard disk, random access
memory (RAM), read-only memory (ROM), erasable pro-
grammable read-only memory (EPROM or flash disk),
optical fiber, portable compact disk read-only memory (CD-
ROM), optical storage device, or a magnetic storage device.
It should be noted that the computer readable hardware
medium may even be a paper or other suitable medium
printed with a program thereon, because the program may be
obtained electronically by electrically scanning such paper
or other medium, and then compiled, interpreted or pro-
cessed 1 a suitable manner, and if necessary, stored 1n a
computer memory. In the context of the present document,
a computer-readable hardware medium or device may be
any hardware medium or device containing, storing a pro-
gram available for an instruction execution system, appara-
tus or device, or associated with the instruction execution
system, apparatus, or device. A computer-readable available
program code may be transmitted by any suitable medium,
including, but not limited to, radio, wire, cable, or RF, etc.

A computer program code for executing operation of the
present mvention may be complied by any combination of
one or more program design languages, the program design
languages including object-oriented program design lan-
guages, such as Java, Smalltalk, C++, etc, as well as
conventional procedural program design languages, such as
“C” program design language or similar program design
language. A program code may be completely or partly
executed on a user computer, or executed as an independent
soltware package, partly executed on the user computer and
partly executed on a remote computer, or completely
executed on a remote computer or server. In the latter
circumstance, the remote computer may be connected to the
user computer through various kinds of networks, including
local area network (LLAN) or wide area network (WAN), or
connected to external computer (for example, using an
internet service provider via Internet).
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FIG. 8 illustrates a data processing system 90 used for
validating data, 1n accordance with embodiments of the
present invention. The data processing system 90 comprises
a processor 91, an 1mput device 92 coupled to the processor
91, an output device 93 coupled to the processor 91, and
memory devices 94 and 95 each coupled to the processor 91.
The input device 92 may be, inter alia, a keyboard, a mouse,
etc. The output device 93 may be, inter alia, a printer, a
plotter, a computer screen, a magnetic tape, a removable
hard disk, a floppy disk, etc. The memory devices 94 and 95
may be, inter alia, a hard disk, a floppy disk, a magnetic tape,
an optical storage such as a compact disc (CD) or a digital
video disc (DVD), a dynamic random access memory
(DRAM), a read-only memory (ROM), etc. The memory
device 95 includes a computer code 97 which 1s program
code that comprises computer-executable instructions. The
computer code 97 includes software or program instructions
that may implement an algorithm for validating data. The
processor 91 executes the computer code 97. The memory
device 94 includes mput data 96. The input data 96 includes
input required by the computer code 97. The output device
93 displays output from the computer code 97. Either or both
memory devices 94 and 95 (or one or more additional
memory devices not shown in FIG. 8) may be used as a
computer readable hardware storage medium (or program
storage device) having computer readable program code
stored therein and/or having other data stored therein,
wherein the computer readable program code comprises the
computer code 97. Generally, a computer program product
(or, alternatively, an article of manufacture) of the data
processing system 90 may comprise said computer readable
hardware storage medium or hardware storage device.

While FIG. 8 shows the data processing system 90 as a
particular configuration of hardware and software, any con-
figuration of hardware and software, as would be known to
a person ol ordinary skill 1n the art, may be utilized for the
purposes stated supra in conjunction with the particular data
processing system 90 of FIG. 8. For example, the memory
devices 94 and 95 may be portions of a single memory
device rather than separate memory devices.

The present invention has been described 1n detail with
reference to the preferred solutions, but 1t would be appre-
ciated that the above embodiments are only for illustrating,
not for limiting the present invention. The skilled 1n the art
may modily the solutions as illustrated for the present
invention without departing from the scope and spirit of the
present mvention.

What 1s claimed 1s:

1. A method for validating data, said method comprising:

a processor of a data processing system generating ware-
house data 1n a data warehouse by transforming source
data 1n a data source into the warehouse data via an

Extract-Transform-Load (ETL) transformation model;

said processor generating a data cube by transforming the
warchouse data in the data warehouse into the data
cube via an On-Line Analysis Processing (OLAP)
transformation model;

said processor generating a report multi-dimensional data
set (MDS1) from the data cube via a data cube query of
the data cube;

said processor generating a relerence multi-dimensional
data set (S) from the source data via a source data query
of the source data, said source data query correspond-
ing to the data cube query; and

said processor performing a data validation based on a
matching relationship between MDS1 and S.
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2. The method of claim 1,

wherein said performing the data validation comprises
determining whether MDS1 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S,
then the method further comprises said processor per-
forming an OLAP inverse transformation on MDSI1 to
generate an OLAP multi-dimensional data set (MDS2)
and said processor determining whether MDS2
matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determining whether MDS2 matches S com-
prises determining that MDS2 does not match S, then
said processor performing an ETF inverse transforma-

tion on MDS2 to generate an ETL multi-dimensional
data set (MDS3) and said processor determining
whether MDS2 matches MDS1 and said processor

determining whether MDS3 matches S;

wherein 1f said determinming whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determining whether MDS2 matches S com-
prises determining that MDS2 does not match S and
said determiming whether MDS3 matches S comprises
determining that MDS3 does not match S, then said
processor determining whether MDS3 matches MDS2.

3. The method of claim 2, wherein said determining
whether MDS2 matches S comprises determining that
MDS2 matches S.

4. The method of claim 2, wherein said determining
whether MDS2 matches S comprises determining that
MDS2 does not match S and said determiming whether
MDS2 matches MDS1 comprises determimng that MDS2
matches MDS1 and said determining whether MDS3
matches S comprises determining that MDS3 matches S.

5. The method of claim 2, wherein said determining
whether MDS2 matches S comprises determining that

MDS2 does not match S and said determiming whether
MDS2 matches MDS1 comprises determining that MDS2

matches MDS1 and said determining whether MDS3
matches S comprises determining that MDS3 does not
match S and said determining whether MDS3 matches
MDS2 comprises determining that MDS3 matches MDS2.

6. The method of claim 2, wherein said determiming
whether MDS2 matches S comprises determining that
MDS2 does not match S and said determiming whether
MDS2 matches MDS1 comprises determimng that MDS2
matches MDS1 and said determining whether MDS3
matches S comprises determining that MDS3 does not
match S and said determining whether MDS3 matches
MDS2 comprises determining that MDS3 does not match
MDS2.

7. The method of claim 2, wherein said determining
whether MDS2 matches S comprises determining that
MDS2 does not match S and said determining whether
MDS2 matches MDS1 comprises determining that MDS2
does not match MDS1 and said determining whether MDS3
matches S comprises determining that MDS3 matches S.

8. The method of claim 2, wherein said determining
whether MDS2 matches S comprises determining that
MDS2 does not match S and said determiming whether
MDS2 matches MDS1 comprises determiming that MDS2
does not match MDS1 and said determining whether MDS3
matches S comprises determining that MDS3 does not
match S and said determining whether MDS3 matches

MDS2 comprises determining that MDS3 matches MDS2.
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9. The method of claim 2, wherein said determining

whether MDS2 matches S comprises determining that

M

DS2 does not match S and said determining whether

M

DS2 matches MDS1 comprises determining that MDS2

does not match MDSI1 and said determiming whether MDS3
matches S comprises determining that MDS3 does not
match S and said determining whether MDS3 matches

M

DS2 comprises determining that MDS3 does not match

M

DS2.

10. The method of claim 1, wherein said transforming the

source data 1nto the warchouse data comprises performing
an 1rreversible transformation of the source data into the
warehouse data via the ETL transtormation model.

11. The method of claim 1, wherein said transforming the

warchouse data into the data cube consists of performing a
reversible transformation of the warehouse into the data
cube via the OLAP transtormation model.

12. A data processing system comprising a processor and

a computer readable memory unit coupled to the processor,
said memory unit containing program code configured to be
executed by the processor to implement a method for
validating data, said method comprising:

said processor generating warehouse data 1n a data ware-
house by transforming source data 1n a data source 1nto
the warehouse data via an Extract-Transform-Load

(ETL) transformation model;

said processor generating a data cube by transforming the
warchouse data in the data warehouse into the data
cube via an On-Line Analysis Processing (OLAP)
transformation model;

said processor generating a report multi-dimensional data
set (MDS1) from the data cube via a data cube query of
the data cube;

said processor generating a relerence multi-dimensional
data set (S) from the source data via a source data query
of the source data, said source data query correspond-
ing to the data cube query; and

said processor performing a data validation based on a
matching relationship between MDS1 and S.

13. The data processing system of claim 12,

wherein said performing the data validation comprises
determining whether MDS1 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S,
then the method further comprises said processor per-
forming an OLAP iverse transformation on MDS1 to
generate an OLAP multi-dimensional data set (MIDS2)
and said processor determining whether MDS2
matches S:

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determiming whether MDS2 matches S com-
prises determiming that MDS2 does not match S, then
said processor performing an ETF inverse transforma-
tion on MDS2 to generate an ETL multi-dimensional
data set (MDS3) and said processor determining
whether MDS2 matches MDS1 and said processor
determining whether MDS3 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determiming whether MDS2 matches S com-
prises determining that MDS2 does not match S and
said determiming whether MDS3 matches S comprises
determining that MDS3 does not match S, then said
processor determining whether MDS3 matches MDS2.

14. A computer program product, comprising a computer

readable hardware storage device having a computer read-

24

able program code stored therein, said hardware storage
device not being a signal, said computer readable program
code configured to be executed by a processor of a data
processing system to implement a method for validating

> data, said method comprising:
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said processor generating warchouse data in a data ware-
house by transforming source data 1n a data source 1nto
the warehouse data via an Extract-Transform-Load

(E'TL) transformation model;

said processor generating a data cube by transforming the
warchouse data in the data warechouse into the data
cube via an On-Line Analysis Processing (OLAP)
transformation model;

said processor generating a report multi-dimensional data
set (MDS1) from the data cube via a data cube query of
the data cube; and

said processor generating a reference multi-dimensional
data set (S) from the source data via a source data query
of the source data, said source data query correspond-
ing to the data cube query; and

said processor performing a data validation based on a
matching relationship between MDS1 and S.

15. The computer program product of claim 14,

wherein said performing the data validation comprises
determining whether MDS1 matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S,
then the method further comprises said processor per-
forming an OLAP inverse transformation on MDSI1 to
generate an OLAP multi-dimensional data set (MDS2)
and said processor determining whether MDS2
matches S:

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determining whether MDS2 matches S com-
prises determining that MDS2 does not match S, then
said processor performing an ETL inverse transforma-
tion on MDS2 to generate an ETL multi-dimensional

data set (MDS3) and said processor determining
whether MDS2 matches MDS1 and said processor

determining whether MDS3 matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determining whether MDS2 matches S com-
prises determining that MDS2 does not match S and
said determiming whether MDS3 matches S comprises
determining that MDS3 does not match S, then said
processor determining whether MDS3 matches MDS2.

16. A method for validating data, said method comprising:

a processor of a data processing system generating ware-
house data 1n a data warehouse by transforming source
data 1n a data source into the warchouse data via an

Extract-Transform-Load (ETL) transformation model;

said processor generating a report multi-dimensional data
set (MDS1) from the data warehouse via a data ware-
house query of the data warehouse;

said processor generating a reference multi-dimensional
data set (S) from the source data via a source data query
of the source data, said source data query correspond-
ing to the data cube query; and

said processor determining whether MDS1 matches S;

wherein if said determiming whether MDS1 matches S
comprises determining that MDS1 does not match S,
then the method further comprises said processor per-
forming an ETL inverse transformation on MDS1 to
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generate an ETL multi-dimensional data set (MDS3)
and said processor determining whether MDS3
matches S;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S
and said determiming whether MDS3 matches S com-
prises determiming that MDS3 does not match S, then
said processor determining whether MDS3 matches

MDSI.

17. The method of claim 16,

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 does not match S,
then the method further comprises ascertaining that a
data error exists such that said ascertaining ascertains
that the data error 1s an ETL model error in the ETL
transformation model and/or a source data error 1n the
source data;

wherein 1f said determining whether MDS1 matches S
comprises determining that MDS1 matches S, then the
method further comprises determining that a normal
data condition exists such that the ETL transformation

model and/or a source data error 1n the source data does
not exist.

18. The method of claim 17,

wherein said determining whether MDS1 matches S com-
prises determining that MDS1 does not match S;

wherein 1f said determining whether MDS3 matches S
comprises determining that MDS3 matches S, then said

ascertaining ascertains that the data error 1s the ETL
model error;
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wherein 1f said determining whether MDS3 matches S
comprises determining that MDS3 does not match S
and said determining whether MDS3 matches MDSI1
comprises determining that MDS3 matches MDSI,
then said ascertaining ascertains that the data error 1s
the source data error:

wherein if said determiming whether MDS3 matches S
comprises determining that MDS3 does not match S
and said determining whether MDS3 matches MDSI1
comprises determining that MDS3 does not matches
MDS1, then said ascertaining ascertains that the data
error 1s the ETL model error and/or source data error.

19. The method of claam 16, wherein said determining

whether MDS3 matches S comprises determining that

M.

DS3 matches S.
20. The method of claim 16, wherein said determining,

whether MDS3 matches S comprises determining that

M

M

DS3 does not match S and said determiming whether
DS3 matches MDS1 comprises determiming that MDS3

matches MDSI1.

21. The method of claim 16, wherein said determining

whether MDS3 matches S comprises determining that

M

DS3 does not match S and said determiming whether

M

DS3 matches MDS1 comprises determiming that MDS3

does not matches MDSI.

22. The method of claim 16, wherein said transforming

the source data into the warechouse data comprises perform-
ing an irreversible transformation of the source data into the
warchouse data via the ETL transformation model.
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